The chemistry of the reaction determines the invariant amino acids during the evolution and divergence of orotidine 5'-monophosphate decarboxylase.
Orotidine 5'-phosphate (OMP) decarboxylase has the largest rate enhancement for any known enzyme. For an average protein of 270 amino acids from more than 80 species, only 8 amino acids are invariant, and 7 of these correspond to ligand-binding residues in the crystal structures of the enzyme from four species. It appears that the chemistry required for catalysis determines the invariant residues for this enzyme structure. A motif of three invariant amino acids at the catalytic site (DXKXXD) is also found in the enzyme hexulose-phosphate synthase. Although the core of OMP decarboxylase is conserved, it has undergone a variety of changes in subunit size or fusion to other protein domains, such as orotate phosphoribosyltransferase, during evolution in different kingdoms. The phylogeny of OMP decarboxylase shows a unique subgroup distinct from the three kingdoms of life. The enzyme subunit size almost doubles from Archaea (average mass of 24.5 kDa) to certain fungi (average mass of 41.7 kDa). These observed changes in subunit size are produced by insertions at 12 sites, largely in loops and on the exterior of the core protein. The consensus for all sequences has a minimal size of <20 kDa.